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Talk Outline

e About NCBI
* NCBI Databases
- zebrafish sequences

e Integrated Access
- Entrez
- BLAST
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The National Center for Biotechnology Informati

o

- ﬁ !
» Created as a part of NLM in 1988
- Establish public databases

- Perform research in computational biology

- Develop software tools for sequence analysis
- Disseminate biomedical information

on
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The Genome Sequencing Era

18 microbial genomes 40 microbial genomes

mouse

and
tunicate

First higher plant]
Arabidopsis

First eukaryote genome

2000

First multicellular animal
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malaria:

First mammal
Homo sapiens

100 microbial genome:

Complex Genomes Jan. 2003

Chordates

- Human
- Mouse

s
ASE
L]

P

¢ Higher plants
- Rat - Arabidopsis
- Pufferfish _ Rice

- Sea squirt « Fungi
(Ciona)

« Arthropods
o - D. melanogaster
k’{e - D. simulans

- A.gambiae

- Aspergillus terreus
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Coming soon ...

e Inprogress

- purple seaurchin
- zebrafish

* NHGRI's Priority Organisms

- Chicken
- Cow

- Dog

- Chimpanzee

- Honeybee

- Tetrahymena

- Oxytichia
Several fungi

¢ Over 100 bacterial genomes in progress
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=/ NCBI Sequence Databases
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Zebrafish Nucleotlde Sequences

29662 BO7IENGO
29

204,51 Zebrafish STD 15 day embryo Danio rerio cDNA clone IMAGE:S904654 5', MRNA

sequence
1[21991801]

29w Zcbrfsh SID 1 daycbyo Dano rro <DNA done IMAGESSOAGS? 5 siro.
OTEIN. :, MRNA sequence

€ GLYCOPR(

o clone CH211-4720 s
‘SP00ES719 8b|AC142089. 23005

. WORKING DR

re

actmiio
Danio o clone CH211-154N1 sirin Te, WORKING:
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SP00ESTISHACI9110.330085715]
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Do ero clone CH211-1199 st Tue, WORKING DR}
17 8bJAC139622.3[30089717]

1[21991840]

2: Clotogs I29663: DOTENSH
‘STROGE2 offgo dT primed shicd stage Davio rrio eDNA K fub
ence TR.QIQXPO COQXPO RH TYPE
1poovens)
ra o

29664: BG7E3367

299011 Zebrafish STD 15 day embrgo Danio rerio cDNA clone TMAGE:S90618 5 simlar o
SW:COXG_BOVIN PUD429 CYTOCHROME C OXIDASE POLYPEPTIDE VIB ;, MENA

21991839 gbBQTEIT.1 [21991835]

29665: AF434661
reio inulinike
21954646 gblAF 434664.1[21954546]

Traditional GenBank Records

I~29666: AT330001

erowth factor binding protein-1 mRNA, complete cds

et profein mRNA, complele cds Z|
S SB0331845bAF 3000111803318 8
Dt o mitogetactated protein s 14 (sl 0} @
G et 1752231 oeo1]
- 29667: AFsc9651 v
oo No,K: ATPase beta subi sofonn 3 (ip1b3) nRNA, complee cds
—r— 6608 AR 109631 118766820
Danio o cngeminded homolog | Drosophin) s |
008968 NN 176223 1300896591
29668 ATs27755
Do o CypT1al miNA, complte cds
T 8: BXD00363 ‘SiR21913314gblAFS27755.1|[21913314]
Dastorto 5 SLQUINCING I :
TR =
— 290041 Zebraish SID 13 day DN clone 5 MRNA
SRaness ot T s s s paf | sevence
i e Do 1ot
Ik GenBank Records
2:comnis 29663 DTS
STROGS32 fgo T prnec i stage i o cona | | 1b29W3 31 Zebraish 1D 15 day aniryo Do o cDNA clone IVAGESO04652 5 simlr to
frp— TR.QIQXPD QIGXPO RI TYPE C GLYCOPROTEN. , MRNA sequence
y— 1{a1001810]
. '7“1‘“ :Z"‘ o ¢ fab20a01 ¥l 7=hnmm SID 15 day ennbryo Danio rerio DNA clone IMACT:SOMGE S'siilar to
‘SPOORTI9 AT 42089.230087715] s\v Loxb BOVIN P00429 CYTOCH ASE POLYPEPTIDE VIB ;, MRNA
Dt o clone CH211-154X1 st Tue, WORKG
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Soom7igbiaciaonaapansos) 29665 AFss! s
s factr bindingprotin A, complete cds
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1 prinied s sage Do o cDNA clon CS52 5, MANA sequeice
; 1991541]

{PT. C GLYCOPROTEIN. ;, MRNA sequence
1091840]

PICBE91046.1[0098215]

trin The, WORKING DRAFT SEQUENCE, 7 ordered pieces

4 ACI0110 "
Danio rero clone CIL211-154N1E siran Tue, WORKING DRAIT SLQUENCE, 9 ordesed

< promsao)

fictor binding protein-1 mRNA, complete cds
1954646

Jone CE211-11P9 strin Tre, WORKING DRAFT SEGUENCE, 6 ordered picces
008717 SbACI0622 3[0089717]

o cnbryo Do o GDNA cons IMAGHSSGIG S s o
RO ACTE 1 oY TOCHR OME C OXIDASE POLYPEPTIDE VI ;, MRNA

.} day emibryo Danio rerio cDNA clone IMAGES904654 5/, MRNA.

2 caolts U s
‘STRO0832 oligo T primed shied stage Danio rerfo cDNA clone CB391 ' similar fo Vigln, | day embryo Danio rerio cDNA clone IMAGES904652 ' similar to
ARNA sequence

;m "NCB Imazlference Transcrlpts -s;gxzslmm 32 (ap1b3a) MRNA, complete cds 1
Molecular Databases
e Primary
- Data provided by experimentalist
- Record maintained by submitter
- GenBank
e Derivative
- Value added to primary data
« compilation
« curation
« assembly g
- Record maintained by database staff
- NCBI Reference Sequences (RefSeq)
- Protein Data
GenBank: NCBI'sPrimary Sequence Database
24,027,936 Records
31,099,264,455 Nucleotides
120,000 + Spemes
« full release every two months
« incremental and cumulative updates daily |
* available only through internet
‘ — - 5
_Iftp /fitp.ncbi.nih. gov/genbank/ | 1




The Growth of GenBank

35000 30000
@ 30000 T
3 25000
c —
< 25000 1 (%)
} T 20000 £
Release 135: 24.0 milllion records =]
) ) 31.1 billion nucleotides 15000 E
Doubling time = 12 months -
[=) [
& 10000 T 10000 o
=] o
S 50004 5000
. . . Z|
“It's sink or swim as a tidal wave of data approaches” =
Nature 399:517 10 June 1999
GENBdIK RElease
Traditional GenBank Divisions
*Direct Submissions (Sequin and BanklIt)
*Accurate
*Well characterized
BCT Bacterial and Archeal
INV Invertebrate
MAM  Manmmal i an (ex. ROD and PRI)
PHG Phage
PLN Pl ant and Fungal
PRI Primate Z
[e]
ROD Rodent 9
SYN Synthetic (vectors, synth. genes)
VRL Viral
VRT Oher Vertebrate
Traditional GenBank Records
rocus Ari0s152 1584 bp  mENA  linear VAT 11-rEB-1999
DEFINITION Danio rerio rhodopsin mRNA, complete cds.
AccESSTON  AP108152
VERSION AF105152.1 GI:4262520
KEwioRDS -
SOURCE Danio rerio (zebrafish)
ORGANTSM Danic rerio
Locus AF109368 1561 bp  mRNA  linear VAT 09-AUG-2001
| oErTNIrION Danio rerio rhodopsin mRNA, complete cds.
REEERENCH hccpssion  arl09368
TITLE Z?z;éggs {\FlUQEGB 1 GI:4581736
JOURNA SOURCE . Danio rerio (zebrafish)
wepLif  ORERITE mﬁnetazoa: Chordata; Craniata; Vertebrata; Euteleostomi;
peeimiE Actinepterygii) Neopterygiis Teleosteli; Ostariophysis
Cypriniformes; Cyprinidae; Danio.
AUHORY noppnence 1 (bases 1 to 1581)
souRial  pIiZ™ lonins and characrerization of cix cebrafish photoreceptor opein
CDNAs and immunolocalization of their corresponding proteins Z
JOURNAL  Vis. Neurosci. 16 (3), 571-585 (1999) =l
MEDLINE 99277470 ]
PUBMED 10349976
REFERENCE 2 (bases 1 to 1581)
AUTHORS Vihtelic,T.S., Doro,C.J. and Hyde,D.R.
TIRLE Direct submission
JOURNAL  Submitted (27-NOV-1998) Biological Sciences, University of Notre
Dawe, 264 Galvin Life Science pldg., Notre Dame, IN 46456, Ueh




Traditional GenBank Records

[FeaTuRES
source

Location/Qualifiers

/note="seven transmembrane light receptor; immunolocalized
to the rod outer segments”

/codon_start=1

/product="rhodopsin"

/protein id="AAD24751.1"

/db_xref="GI:4581737"

/translation= Vi PYEYRQYY:

FELITTGE PVNFLTLYVTTEHKKLRT PLNYILLNLAL 7!
FVEGRLGCNLEGEFAT LVVLATERWMVVCE IMGVAFT
WHAG TPEGH D TYMEIVHEFTPLIV
IFFCYGRLVCT
THQGSEFGEVEMTLPAFFAKTSAVYNECIYICHNKQF RHCMI TTLCCGKN PFEEEEGA
STTASKTEASSVSSSSVSPA"
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Traditional GenBank Records

[FeaTURES

cs

Location/Qualifiers
1..1581

ase count 344a S03c 383 g 3Lt
orTCIN

1
61
121
181 tact. ©
241
301
361
421 atggt
481 it

541
601
661
721 © ttctgctat
781
841

901
961 t
1021
1081
1141

1561 degactern coacrrgeny saaeaats | gbdiv_vrt[Properties]

1321 Sescccaate sgttcasces assgecests o .
1361 agracateat ccascaaste casestases 4 zebrafish: 3,816

1441
1501 it ot it
1561 attaaaaaas aaaaaaaaaa &
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Bulk GenBank Divisions

*Batch Submission and htg (email and ftp)
*Inaccurate
*Poorly Characterized

EST Expressed Sequence Tag
STS Sequence Tagged Site

GSS Genone Survey Sequence
HTG Hi gh Throughput Genomi c

190N




Bulk GenBank Records: ESTs

BG738754 530 bp
DEFINITION fp62d08.yl Zebrafish adult retina ¢

IMAGE: 4786599 5' similar to TR:Q9PW) £ () ori

=\

sequence.
ACCESSION  BG738754

VERSION BG738754.1 GI:14088443

KEYWORDS  EST. ampicillin lacZ
SOURCE Danio rerio (zebrafish)

ORGANISM Danio rerio
Eukaryota; Metazoa; Chordata; Crani.
Actinopterygii; Neopterygii; Teleos
; Cyprinidae; Danio.

REFERENCE 1 (bases 1 to 530)

AUTHORS ~ Clark,M., Johnson,S.L., Lehrach H., Plac
/5., millier,L., Kucaba,T., Martin,
/K., Steptoe M., Theising,B., Allen|
Swaller,T., Gibbons,M., Pape,D., Hal
Kohn, s., Shin,T., Jackson,Y., Carde

pBluescript Il SK (-)
3.0kb .

and Wilson,R. pUC ori

TITLE WashU zebrafish EST Project 1998

JOURNAL  Unpublished (1998) I
commENT Contact: Stephen L. Johnson

Fashington tniversity scnocl o | ofirst pass, single read cONA

4444 Forest Park Parkway, Box 85

Tel: 314 286 1800 «largest GenBank division

Fax: 314 286 1810

Email: zbrafish@watson.wustl.edu| H 1

Tibiary constnrar my nanira-] *gbdiv_est[Properties]
dictrivution: ressourcenzentrume| *Z€Drafish ESTs: 309,433
P Tepader

Soq priner: 73 ET From Amérsham

190N

High quality sequence stop: 423. T

Bulk GenBank Records: ESTs

Locus BG738754 530 bp  mRNA  linear EST 13-FEB-2002

DEFINITION f£p62d08.yl Zebrafish adult retina cDNA Danio rerio cDNA clone
IMAGE: 4786599 S' similar to TR:Q9PWN4 QUEWN4 RHODOBSIN. ;, mRNA
sequence.

ACCESSION  BG738754

VERSION BG738754.1 GI: 14088443

KEYWORDS

SOURCE o i -

ORGANTSM | FEATURES Location/Qualifiers
source 1..530

REFERENCE
AUTHORS
ge="1-2 years”
/1ab_host="E.Coli XL1-Blue MRE' (XL1-Blue MRE')"
/nots="Vector: Lambda ZAP IT (pBluescript SK-); Site_1
TITLE ECoRI; Site_2: Sall; This Zebrafish library was
JOURNAL constructed by Dr. Susan E. Brockerhoff (email:
comMENT sbrockerGu.washington.edu) RZPD library number: 760"
BASE COUNT 101a 176 c  136g 117 t
ORTGIN
1
61
121 tact
181
241
301
361 tacttt
421
81
2
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What is UniGene?
A gene-oriented view of sequence entries

*MegaBlast based automated sequence clustering
*Nonredundant set of gene oriented clusters
*Each cluster a unique gene

«Information on tissue types and map locations
eIncludes well-characterized genes and novel
ESTs

*Useful for gene discovery and selection of
mapping reagents

http://www.ncbi.nlm.nih.gov/UniGene/

190N




EST hits zebrafish rhodopsin mRNA

Distribution of 1476 Blast Hits on the Query Sequence

[F7A055 i 6eT2x Zabrafih e cONA Do oo cONA -T2 E-00

Color Key for Aligment Scores

a0 40-50 50-80

T
1500

Rhodopsin mRNA

/
l—/ F
5" EST hit N 2
> o7 hins]
UniGene Collections: Animals
Sequences Clusters
Homo sapiens human 4,135,222 111,064
Mus musculus mouse 3,442,382 90,444
Rattus norvegicus rat 346,154 63,253
Bos taurus cow 130,603 10,675
Sus scrofa pig 62,004 14,390
Gallus gallus chicken 125,827 5,042
Danio rerio zebrafish 217,019 15,707
Oryzias latipes medaka 81,296 6,115
Xenopus laevis frog 177,814 19,045
Siluriana tropicalis frog 110,976 7,674
Ciona intestinalis tunicate 464,060 13,328 5
Drosophila melanogaster fruit fly 276,922 14,701 n
Anopheles gambiae mosquito 91,352 3,243
Caenorhabditis elegans nematode 200,436 19,045
March 2003
UniGene Collections: Plants and Others
Sequences Clusters
Arabidopsis thaliana thalecress 221,113 26,813
Glycine max soybean 201,710 9,084
Medicago truncatula barrel medic 97,063 5,729
Lycopersicon esculentum tomato 70,118 3,749
Triticum aestivum wheat 297,961 20,376
Hordeumvulgare barley 263,407 10,272
Zea mays maize (corn) 163,541 13,512 2
Oryziasativa rice 94,780 19,191 | &
Sorghum bicolor sorghum 17,742 802 | |
Chlamydamonas reinhardti alga 80,771 5,712
Dictyostelium discoideum slime mold 119,140 4,782
March 2003




Genome Sequencing - HTG, GSS,(WGS)

Whole BAC insert (or genome)

\

Mmmmummmwm\wmm §>< 1
— — 11
' sequencing - /l\

cloning isolating

shredding

GSS division

or trace archive assembly

Draft Sequence (HTG division)

190N

Bulk GenBank Records: GSS

551bp  mNA  linear Gss la-uar
genomic clons DRSY-2ISKS, genomic survey sequence

raFERaNCE

ey
JouNAL

coument

«first pass, single read gDNA 2
esurveys of BAC libraries =
gbdiv_gss[Properties] N
e s o eze@brafish GSS: 159, 024
HTG Division: High T hroughput Genome
Zebrafish PAC Clone
phasel——> «— — ——> <« HTG
Acc = AC109580.1
phase 2 HTG
Acc =AC109580.11
phase 3 VRT |2
Acc = AC109580.14 - - g
gbdiv_htg[Properties] | _|
zebrafish: 2,958
40,000 to > 350,000 bp




HTG Division: High T hroughput Genome

LOCUS AC109580

DEFINITION

3 bp DNA linear  HTG 05-FEB-2002

24
Danio rerio clone busml-183713 strain AB, WORKING DRAFT SEQUENCE, 1

unordered piece.
ACCESSION AC109580

VERSION ACLl09580.1 GI:18497096

KEYWORDS HTG; HTGS_PHASEl; HTGS DRAFT.

SOURCE Danio rerio (zebrafish)

LOCUS AC109580 97770 bp DNA linear  HTG 26-0CT-2002
DEFINITION Danio rerio clone busml-183j13 strain AB, WORKING DRAFT SEQUENCE, 4

ordered pieces.

ACCESSION — AC109580

VERSION AC109580.11 GI:24414284
KEYWORDS ~ HTG; HTGS_PHASE2; HTGS_DRAFT.
SOURCE Danio rerio (zebrafish)
LOCUS AC109580 94348 A linear  VRT 19-NOV-2002
DEFINITION Danio rerio clone busml-183j13 strain AB, complete sequence. %
ACCESSION  ACL09580 o)
VERSION AC109580.14 GI:24635954 n
KEYWORDS ~ HTG.
SOURCE Danio rerio (zebrafish)
40,000 to > 350,000 bp
Z|
(]
o|
I~ 1: AABT00000000
‘Aspergillus terreus, whole genome shotgun sequencing project -
227262064/ AABT00000000.1/AABTO1000000[27262064] | wgs_mast er [ Properties] |
T
I~ 2: AABU00000000
Drosophila melanogaster strain y; cn by briggsae, whole genome shotgun sequencing project
sequencing project £i22417469]emb|CAAC00000000.1/CAAC01000000[22417469]
£27232007|gb|AABU00000000.1/AAH
I~ 8: AAAB00000000
G3 % ol ot Anopheles gambiae str. PEST whole genome shotgun sequencing project
Ciona intestinalis, whole genome shof "
026356905 gHAABS00000000.11Anr}  SI19GE3831[2bIAAABO0000000.11AAABO1000000[19683831]
I~ 4: AABRO000000O I~ 9: AAADO0000000 .
Rattus norvegicus strain BN/SsNHsj} ~ Mus musculus chromosome 16, whole genome shotgun sequencing project
sequencing project 8i121281728]2b|AAADO0000000. 1| AAADO1000000[21281728]
8i25762278|gblAABR00000000.1]AAH
I~ 10: CAAA00000000 2
rs: AAB[,ODPDDDDD . Mus musculus, whole genome shotgun sequencing project |
Plasmodium yoelii yoelii, whole genor £i20800445/emb|CAAA00000000.1|{CAAA01000000[20800445] n
$ii23491527|gb|AABL00000000.1|AAH)
AB00000000 ™ 11: AAAA00000000
Takifugu rubripes, whole genorme shot Oryza safiva (indica cultivar-group) culivar 93-11 whole genome shotgun
£i{22418063jemb|C AAB00000000.1|C sequencing project
| AAA00000000.1/AA. 19924305]

10



AABS01002501.1  G1:26556991 gt i et
oRGANISH Civive seienoe, a5 deacrivad in beh
ordata: Urochordata: eviive seience; oo I Dol e o
Z
[e]
JOURNAL  Science 298 (S601), 2157-2167 (2002) |
JOURNAL  Submitted (26-NOV-2002) Production Sequenc,
Tocus cldana 1562 bp TRNA Tinear VRT nG—ApR—znnzl
VERSION NM_131762.2 source 1..1882
REFERENCE 1 (bases 1
< rols in m Z
Provisional -> Rejess come 562 T w02 0 aee e
NCBI RefSeq: Gene Models XM _, XP
Clostridiun partringans
COMMENT GENOME ANNOTATION REFSEQ: This model reference sequence was
predicted from NCBI contig NW 042785 by automated computational
analysis using gene prediction method: Genomescan.
Z|
[e]
3

11



007935

[

on Apr 11, 2003 this seque

This contig is part of the|=™m:
produced by the Human Geno
from its component clone s
provided by the sequencing srs
contig are those produced

33.

RefSeq Contigs: NT_, NW_

ex26014290

- sltarnative epliced prouce | |
stionsl anslysiz seing | O
= Z
Web Access
FT T D
Soarc[tomws Slfor] g
» What doss NCBI do? Text
Eetalcned 41655 35 A oA eS8 01 > o o
n onmaon,CE, crosoe. arvons vk
o ooy doc e o ol *Cve ot
LT e
iy o > ot e
amant [e——
et Sequence
d get results fast! i
SO S pumouse
Temaey e BLAST
[
vty F
|
> oRF e Structure n
iy
[—
e
20 Degigng S
Some Web Statistics
July 2001
1
 cenome
————————"siasT | BLAST alone:
———————joum currently 80,000 searches per day
[ JFrotein
——JuniGene
[ structure PubMed:
1 raxonomy up to 4,000,000 searches per day
—tocusLink
Elcenemap F
[8ooks =
Genes and
= disease
0 5000 10000 15000 20000
Users Per Weekday

12



Users per day

250000

1997 1998 1999 2000 2001

200000

150000

100000 4

50000
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Integrated Access

190N

Entrez: Database Integration

PubMed
abstracts_

190N
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The Big Picture

Nucleotide

(ol e

IM

Homologene

190N

The Big Picture

3D Domaih

( UniSTS )

LocusLink and Microbial

190N

Fubhad Holp

documentation
or Publiied

Eisez Help
help.

Entrez s a retrieval system for searching several
linked databases. It provides acoess to

PubMed: The biomedical literature (PubMed)
Nucleotide: sequence database (GenBark)
Protein: secuence database
Structure: three-dimensional macromolecular
structures.
Genome: complete genome assemblies
PopSet: population study data sets
OMIM: Online Mendelian Inheritance in Man
Taxonomy: organisms in GenBank
Books: BookShelf oline books
ProbeSet: gene expression and microarray
datasets
3D Domains: dornains from Entrez Structure
UniSTS: markers and mapping data
SNP: single nucleatide polymorphisms
CDD: conserved domains
Journals: journals in Entrez
UniGene: gene-oriented clusters of transcript
sequences

. PMC: fulltext digital archive of e sciences
journal lterature

e NCBI Web Site: NCBI Web site search

190N
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Database Searching with Entrez

@ Using limits and field restriction to find fish RNA helicases
@ Linking and neighboring with RNA helicases

4
o
Z
Entrez Nucleotides
, o3 <
e B SNucleotide
PubMed Nucleotide Protein Genome Structure PopSet Taxonomy OMIM Books
Search [Nucleotide ] for

[RNA Helicase Go| Clear

r Limits Preview/Index History Clipboard Details
z|
(]
Z

Document Summaries:
RNA Helicase[All Fields]
) rkags grovp TBAC clone BIB11
Bz 5

T4 et T ke Bl 075054, A 12
UV 1| 3015682 (]
z

15



Entrez Nucleotides: Limits & Preview/ Index

g ,*‘ o fNiJcleotide

Taxonomy OMIM Books

PubMed Nucleotide Protein Genome Structure PopSet
Search [Nucleotide | for

[RNA Helicase Go| Clear

r Limits Preview/Index History Clipboard Details

190N

A i 1 imi
Entrez hccession es: Limits

Author 5 .
EC/RN Number ~ [ucleotide
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Fugu Genomic Region

! N > > fﬁhcleotide

Search|Nucieotide I for

Limi

Previewiindex History Clipboard

Display | [getaut =l Show|20 = _Sendto [[Fie =l Get Subsequence

I~ 1: U72484. Fugu rubripes RNA. .. [gi:2734865]

ocus u72484 61901 bp  DNA linear  VRT|s protein

DEFINITION Fugu rubripes RNA helicase (RNA-H) gene, partial cds;
glucose-6-phosphate dehydrogenase (GGED),
L-glycerol-3-phosphate (LG3P) genes, complete cds; and sodium
channel 2 (BNaC2) gene, partial cds.

ACCESSTON  U72484

VERSTON U72484.1 GI:2734865
KEYWORDS .
SOURCE Takifugu rubripes

ORGANISM Takifugu rubripe

' Related Sequences

< Taxonomy
channel beta3 subunit (CAB3B), adenylyl cyclase type VI (AC-VI),

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Buteleostomi

Details

Actinopterygii; Neopterygii; Teleostei; Euteleostei; Neoteleostei: Z|
Acanthomorpha; Acanthopterygii; Percomorpha; Tetraodontiformess S
Tetradontosden; Tetracdontidas; Takifugu. 9

REFERENCE 1 (bases 1 to 61901)
AUTHORS  Riboldi Tunnicliffe,G.R., Nyakatura,G., Bauer,D., Elgar,G.s.,
Perret,X., Brenner,S. and Rosenthal,A.
TITLE Sequencing of a 62kb region of Fugu rubripes around the G6BD locus
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 61901)
AUTHORS ~ Riboldi Tunmicliffe,G.R., Nyakatura,G., Bauer,D., Perret,X
Elgar,G.5., Eremner,S. and Rosenthal,A
TITLE Direct Submission
(J 46 <
T e @ SNucleotide
m T
SearchNuckotce =l for Go| Cleer
Limits Previewindex History. Ciipboard Details
Display | [ default =l sow[20 =l _Sendto |[Fie = Get Subsequence
I~ 1: U72484. Fugu rubripes RNA...[i2734865] ks
zocus 72484 61901 bp  DNA  linear VRT 16-JAN-1998
DEFINITION Fugu rubripes RNA helicase (RNA-H) geme, partial cds; calcium
channel beta3 subunit (CAB3B), adenylyl cyclase typs VI (AC-VI),
glucose-6-phosphate dehydrogenase (G6FD), and
I-glycerol-3-phosphats (LG3P) genes, complete cds; and sodium
channel 2 (BNaC2) gene, partial cds.
ACCESSION  U72484
VERSION ~ U72484.1 GI:2734865
KEYWORDS
SOURCE Takifugu rubripes
ORGANIEN Taltifugu rubripes
EBukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomis
Actinopterygii; Neopterygii; Teleostei; Euteleostei; Neoteleostei; Z|
Acanthomorpha; Acanthopterygii; Percomorpha; Tetracdontiformes: 8
Tetradontoidea; Tetraodontidas; fakifugu w|
REFERENCE 1 (bases 1 to 61901) =
AUTHORS ~ Riboldi Tumnicliffe,G.R., Nyakatura,G., Bauer,D., Elgar,G.8.,
Perret X., Bremner,. and Rosenthal,A.
TITIE Sequencing of a 62kb region of Fugu rubripes around the G8PD locus
JOURNAL  Unpublished
REFERENCE 2 (bases 1 to 61901)
AUTHORS ~ Riboldi Tumnicliffe,G.R., Nyakatura,G., Bauer,D., Perret,X.,
Elgar,G.5., Bremner,3. and Rosenthal,A.
TITLE  Direct Submission
L JouRNAL submitted (21-0CT-1957) Genome Analysis, Institute of Molecul L
Py ez
RNA Helicase, partial
cps oin(<5..150,232..363,470..578, 689. . 863, 945. . 1168)
7 gone="RNA-H"
/codon_start=3 etails
TSRS RNATE -
gene Complement (1705..14167) calcium channel,
/gene="CAE3E"
A signal  complement (1705..1710) beta 3 subunit
/gene="CAE3E"
cos complement (join (3496. 3888, 5400. . 5570, 5650. . 5745,
5808..5959, 6033. . 6133, 6235. . 6293, 6502. . 6579, 6743. . 6762,
6848, .6927,7000. . 7115, 7220. . 7342, 8259. . 6378, 12351. . 12443,
12905, .12985))
gene
7 adenylate cyclase 6
cos Join (18610..19139, 19226, . 19541, 26806. . 29035, 29974. . 30095,
30642..30753,30828. . 30955, 31042. . 31200, 31282. . 31423,
31555..31683,31767..31795,32134. . 32281, 32393. . 32490,
32766. 32653, 32932. . 33048, 33202. . 33360, 33466. . 33641,
33769..33795,33800. . 33909, 33998. . 34130, 34260, . 34523, oronarctoy
34615..34819,34907. .35031,35179. . 35307) Z|
. B LvkEGADTAFT
/gen ~vI S5
/codon_start=1 poromiveel @
/evidence=experimental
/product="adenylyl cyclase typs VI"
/protein_id: 2.1" e
/db_sref="GT:2734867"
/translation="NSWESGE a D
svD
LeE QUEQSKKEQSRKLE
300 e o R
L] Zoimues cupniceeg (210071997 cenone analusiz, Inarituve of molecul —
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Fugu Genomic Reqion: Genes

ane e : .
4 7 gane="RNA<H" RNA Helicase, partial
cos §oin(<5..150,232..393,470. . 570, 609. . 563, 945. . 1168)
- /gene="RNA-H"
/codon_start=3 betails

1 1l‘)K EI‘)K 3!}?( 17?( BOK 61901
5 E——
RHA-H= calcium channe| betad subunit L3P =—BHal2
“RMA helicase ALY m— et GEFT "’sudwum channel 2
CAB3E adeny iyl cyclase tupe
glucose-6-phosphate dehydrogenase—— = fglyter‘nlfa phosphate |

Legend
- CDSrexon  ==- gene

TETS T ITEIT,
/gene="AC-vI"
/codon_start=1
/evidence=experimental
/product="adenylyl cyclase type VI"

/protein id="AAB96362.1"

/db_xref="GI:2734867"

/translation= NPRYMSCLRD

TIOT T SSUS T, SSITT SIS [VREGADIAFT

D
LGE KFQSRKLE

TITLE TSR
JQURNAL (21-0cT-10 oo 1 Institute of Molscul

Z|
o
ol

Fugu Genomic Reqion: Links
0 e e ;T\thleotide

O

Search[Nuceotde =ifr|  Go| Clear|
Lim

Previewindex Hwtuw Clipboard Details

mits
Display | [default =l showi20 I _Sendto [[Fie Get Subsequence

I~ 1: U72484. Fugu rubripes RNA. .. [gi:2734865]

zocus 72484 61901 bp  DNA linear

DEFINITION Fugu rubripes RNA helicase (RNA-K) gene, partial cde; oy rmamomy
channel beta3 subunit (CAB3B), adenylyl cyclase type VI (AC-VI),
glucose-6-phosphate dehydrogenase (GEED), an
IL-glycerol-3-phosphate (LG3P) genes, complete cds; and sodium
channel 2 (ENaC2) gene, partial cds.

AccssToN

VERSION U72484.1 GI:2734865

Takifugu rubripes
ORGANISM Takifugu rubripes
Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;
Actinopterygii; Neopterygii; Teleostei; Euteleostei; Neoteleostei;
Acanthomorpha; Acanthopterygii; Percomorpha; Tetraodontiformes;
Tetradontoidea; Tetraodontidae; Takifugu.
REFERENCE 1 (bases 1 to 61901)
AUTHORS ~ Riboldi Tunnicliffe,G.R., Nyakatura,G.
Perret,X., Bremner,S. and Rosenthal,A
TITLE Sequencing of a 62kb region of Fugu rubripes around the GEPD locus
JOURNAL  Unpublishsd
REFERENCE 2 (bases 1 to 61901)
AUTHORS  Riboldi funnicliffe,G.R., Nyakatura,G., Bauer,D., Perret,X.,
Elgar,G.5., Bremner,s. and Rosenthal,
TITLE Direct Submicsion
ToURNLL hwifrad (21-0cmoloo 2 Tostitute of walacu)

Bauer,D., Elgar,G.§

190N

Protein Coding Regions

ltems 16,076 One page.

I~ 1: AAB96360 BLink, Domains, Links
RNA helicase [Takifiign rubripes]
£il2734866/gb|AAB96360.1[[2734866]

™ 2: AAB96365 ink, Domains, Links
sodium channel 2 [Takifugu rubripes]
£il2734871/gblAAB96363.1[[2734871]

3: AAB96361 BLink, Domain, Liks
calcium channel beta3 subunit [Takifugu rubripes]
£il2734868,gblAAB96361.1[[2734868]

~4: AAB96364 BLink, Domains, Lir
L-glycerol-3-phosphate [ Takifugu rubripes]
£i[2734870/gb|AAB96364.1|[2734870]

5: AAB96362 BLink, Domains, Links
adenylyl cyclase type VI [Takifugu rubripes]
£il2734867gblAAB96362.1[[2734867]

AAB96363 8Lk, Domains, Links
glucose-6-phosphate dehydrogenase [Takifugu rubripes]
£il2734869/gb|AAB96363.1[[2734869]

190N
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Protein Coding Regions

Items 1-6 of 6

I 1: AAB96360
RNA helicase [Takifugu rubripes]
£il2734866/gbIAAB96360.1[[2734366]

One page.

omans, Links

™ 1: AAB96360
RNA helicase [Takifugu rubripes]
8i2734866|gb|AAB96360.1|[2734866]

F Related Sequences
b Domain Relatives
F Nucleotide

b Taranomy
b1 inkOnt
™ 4: AAB96364 BLink, Domains, Links
L-glycerol-3-phosphate [ Takifugu rubripes]
£il2734870/gbIAAB96364.1[[2734870]
z|
o
I5: AAB96362 8Lk, Domains, Links ®
adenylyl cyclase type VI [Takifigu rubripes]
£il2734867/gb|AAB96362.1[[2734867]
I~ 6: AAB96363 Link, Dormains, Links
glucose-6-phosphate dehydrogenase [ Takifiugu rubripes]
£il2734869/gblAABI6363.1[[2734869]
Disply — s |20 o S [Tor o]
roge [T o175 e
ibripes] o :
274861
i [Homo sapiens] B
fzsssana]
rocn omo sapies]
Tsrsoare)
SRR o ]
1258 AALIZ366.JAALIZS66[1 28031351
0 [
GMO1081p [Drosophila melanogaster]
$16768302igb AAL2E370.1[16768302]
-6 aawssonn [ere——— Z|
Ca10a3-PA [Drosoptis memogta] 5
BATS9 gh AAFS30BD 2 (22046755] w|
7 ooess [ere———
G103 PA [Drosophia menogastr]
2ASHDATIND G09888.2[24554994]
R sk Lo
ENSANGEOOR0L8513 [nopkedes sambiae s PEST]
5L EAAI2651 2 [3D175511]
v E05 VA Wt T oo e
COGHE1 g by Copio 1 et i)
s | _comnontves | | taenany sepor. | sostuetes | consearen | it
200 BLAST Bits t0 70 ke speces St by s i
© Avchca o] Bacteri o8] Metuzon 58] o 31 Pl [0 Viwses (8] Ot Euryotac
oy Tcwor [ [saen] [neset
z|
(]
w|
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BLink: Structural Models

Query: gil2734866 RNA helicase [Takifugu rubripes]

Get Cn3D Now!

Besthits | CommonTree |  TaxonomyReport | 3Dstructures | CDD-Search | Gllist
3 BLAST hits to 2 unique species Sort by taxonomy proximity
[[1] Archaea (o] Bacteria o] Metazoa /2] Fungi [o] Plants [o] Viruses o] Other Eukaryotae

Keep only = cut-Off [100 Select | Reset

267 aa

SCORE P ACCESSION  GI  PROTEIN DESCRIPTION

l

1HVBA 13399860 Chain A, Crystal Structure Of A Dead Box Protei
11513344 Chain A, Yeast Initiation Factor 4a

!

—_— 3 TFURA 11613342 Chain A, Crystal Structure OF The Carboxy Ternif Z|
o
@
Structure Summary
Taxanomy
Description: Crystal Structure Of A Dead Box Protein From The Hyperthermophile Methanococcus Jannaschii
Deposition: RM.Story, H.Li & JN.Abeison, 8-Jan-01
Taxonomy: Methanococcus jannaschii
Reference: PublMed  MMDB: 15677 PDB: 1HVS
View3DStucte | of [BestMadel =] with [CraD =] [Displey =] rew GotCaid 470
Protein - -
3d Donains T
e Sond
z|
S
w|
z|
(]
ew Bty ods' Ulared osiatin” opats @
[1HVE_A [xeveyxnfnelnlisdnilnairnkgfekptdiqxkviplfindeynivaqartgsgktasfaipl
1HV8_B xeveyxnfnelnlsdnilnairnkgfekptdigxkviplflindeynivaqartgsgktasfaipl
El | i
7
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e | Stetus: curaed 0O Created: 14402000 Updated: 21-0ct2002
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S Protene (Clek tre fo CDART sumanyof o con
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L] Sp—
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E
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xepouts | Query: gif2 734866 RIVA helicase [Takifugu rubripes]
ser 2 | | Allhits | CommonTree |  TaxonomyReport | 3Dstructures | CDD-Search | Gllist
82 BLAST hits to 7 selected species Sort by taxonomy proxinity
= [o] Archaca|[o] Bacteria [s2]] Metazoa [o]| Fungi [o | Plants o] Viruses [o] Other Bukaryotae
—— Keep only [REFSEQ = cut-off [100 | Select | Reset
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fr— SCORE P ACCESSION  GI N  ORGANISM
— 15 NP 004809 4759278 - 40 Homo sapi
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Alignment: Fugu vs. Human

Sequence 1 gi 2734866 RINA helicase [Takifigy rubripes) Length 267 (1. 267)
Sequence 2 g 4759278 prp28, U5 saRMP 100 kd protein [Homo sapiens] Length 820 (1 . 820)
2
JE—}
1

NOTEThe staistics (bitscore and expect value)is calculated based on the size of nr database

Score = 500 bits (1288), Expect = e-130
Taemuivics - 2477267 (9041, Fosivives - 258/267 (96%)

- e

Query: 1

smjets ss4
Supertamily IT DNA and RNA heli 554

uery: &

ERLARSYLRRPAVVYIGSAGKPHERVEQY LUSE KRRFLL +L  GF4PPITIFVNQ

et 614
Superfamily IT DVA and RNA heli> 613 srrwrrrees

FDPPIIIFUIN

Query: 121

1m0V

Tanv

spyce: a4
Supertamily IT DVA and RA heli> 674

180

73

190N

Human RefSeq

X3 Y
5 Protein

5 E
Search[Nucleotide I for Go| Clear

Limits Preview/index History Clipboard

Display | [defaut ol show|[1 = _Sendto |[Fe = Get Subsequence

Details

I~ 1: NP_004809. pip28, US snRNP 1...[gi:4759278]

» Related Sequences
B> Domain Relatives
» Map Viewer
» Nucleatide

Locus US-100K 820 linear
DEFINITION prp28, US snRNE 100 kd proceln [Homo sapiens].
ACCESSION  NP_004809

VERSION NP_004809.1 GI:4759278

DESOURCE ~ REFSEQ: accession NM_004818.1 » SN

» PubMed

» Taxonomy
SOURCE Homo sapiens (human) s

ORGANISM Homo sapiens

Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi;

Mammalia; Eutheria; Primates; Catarrhini; Hominidae; Homo
REFERENCE 1 (residues 1 to 820)

AUTHORS ~ Teigelkamp, S., Mundt,C., Achsel,T., Will,C.L. and Luhrmann,R.

TITLE The human US SnRNP-specific 100-KD protein is an RS

domain-containing, putative RNA helicase with significant homology

o the yeast splicing factor Prp28p
JOURNAL  RNA 3 (11), 1313-1326 (1997)
MEDLINE 98072280

PUBMED 9409622

COMMENT PROVISIONAL REFSEQ: This record has not yet been subject to final

NCBI review. The reference sequence was derived from AF026402.1.

190N

I~ 1: RNA 1997 Nov3(11)1313-26

putative RNA helicase with significant homology (o the yeast splic,
Prp28p.

e

Teigelkamp S, Mundt C, Achsel T, Will CL, Luhrmann R. P u b M e d L i n k

Institt fur und 1 Marburg, Germany.

Through UV-crosslinking experiments, i ided evidence suggest aus
SnRNP protein with a molecular weight in the 100-kDa range is an ATP-binding protein (Laggerbauer
B, Lauber J, Luhrmann R, 1996, Nucleic Acid Res 24:868-875). Separation of HeLa US sRNP
proteins on 2D gels revealed multiple variants vith masses of 100 kDa.
Subsequent microsequencing of these variants led to the isolation of a cDNA encoding a protein

with an N-teminal RS domain and a C-terminal domain that contains all of the conserved motifs
characteristic of members of the DEAD—box family of RNA-stimulated ATPases and RNA
helicases. Antibodlies raised against cDNA-encoded 100-kDa protein specifically recognized native
U5-100kD both on immunoblots and in purified HeLa US suRNPs or [U4/U6.US] tri-snRNP
complexes, confirming that the bona fide 100-kDa cDNA had been isolated. In vitro phosphorylation
studies demonstrated that US-100KD can serve as a substrate for both CliSty and the UL
SRNP-associated kinase, and further suggested that the multiple US-100KD variants observed on
2D gels represent differentilly phosphorylated forms of the protein. A database homology search
revealed a significant degree of homology (60% similarity, 37% identity) between the
Saccharomyces cerevisiae splicing factor, Prp28p, which lacks an N-tetminal RS domain, and the
C-tetminal domain of US-100kD. Consistent with their designation as structural homologues,
anti-Prp28 antibodies recognized specifically the human US-100kD protein on immunoblots.
Together with the DEXH-box US-200KD protein (Lauber J et al., 1996, EMBO J 15:4001-4015),
US-100kD s the second example of a putative RNA helicase that is tightly associated with the US

Given the recent identification of the US-116kD protein as a homologue of the ribosomal

m«slncase]’l‘ 2 (Fabrizio P, Laggerbauer B, Lauber J, Lane WS, Luhrnann R, 1997, EMBO 1
16:4092- atTeast three inegral U snRNP proteins thus potentially facitate conformational
chinges in lhe spliceosome during nuclear pre-mRNA splicing,
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The human US snRNP-specific 100-kD protein is an RS domain-containin
putative RNA helicase with significant homology to the yeast splicing factor
Prp28p.

Teigelkamp §, Mundt C, Achsel T, Will CL, Luhrmann R.

Books

Institut fur Moleularbiologie und Tumorforschung, Philipps-Universitat Marburg, Germany.

Through U experiments, Iy provided evidence suggesting that a US.
AR protein wih a molecular weight in the 100-KDa range s an ATP-binding protcin
(Laggerbauer B, Lauber J, Luhrmann R, 1996, Nucleic Acid Res 24:868-875). Separation of HeLa
US SuRNP proteins on 2D gels revealed multiple variants with apparent molecu.lal ‘masses of 100
kDa. Subsequent microsequencing of these variants led to the isolation of a cDNA
protein with an N-tenminal RS domain and a C-teminal domain that continealof he conserved
motifs characteristic of members of the DEAD-box family of RNA-stimulated ATPases and RNA
helicases. Antibodies raised against cDNA-encoded 100-EDa protein speclﬁcal!y r:cugmd native
US-100kD both on immunoblots and in purified HeLa US snRNPs or [U4/U6.US] tri-
complexes, confirming that the bona fide 100-kDa cDNA had been isolated. Tn vllm
phosphorylation studies demonstrated that US-100KD can serve as a substrate for both CIK/Sty
and the UL suRNP-associated kinase, and further suggested that the multiple US-100KD variants
observed on 2D gels represent differentially phosphorylated forms of the protein. A database
homology search revealed a significant degree of homology (60% similarity, 37% identity) between
the Szcchamnnc:s cerevisiae splicing factor, Prp28p, which lacks an N-terminal RS domain, and
the C-terminal domain of US-100kD. Consistent with their designation as structural homologues,
anti-Prp28 mnhodm recognized specifically the human U5-100kD protein on immumoblots:
Together with the DEXH-box US-200kD protein (Lauber J et al., 1996, EMBO T 15:4001-4015),
U5-100kD is the second example of a putative RNA helicase that i tightty associated with the US
SHRNP. Given the recent idenification of the US-116kD protein as a homologue of the ribosomal
translocase EF-2 (Fabrizio P, Laggerbauer B, Lauber J, Lane WS, Luhrmann R, 1997, EMBO J
06), at least three integral US snRNP proteins thus potentially facilitate conformational
changes in the spliceosome during niclear pre-mRNA splicing.
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Score = 349 bits (896), Expect = 7e-9
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Query: 220 T
FUERE NGN+D++ RQKIREEKDK KEL AIKERYLGG+KKRRRTRHLNDRKFVFEUDAS
18

spjecs 1

Query: 260 TacT 33
E4TSIDYNP+TKEHQV L GRGFIAGID KQQKR+QSRFYGDLNEKRRT EEKEQEE R
Acr 360

Sojet: 181 EDTSIDYNE: 1
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LocusLink: Selected Higher Genome

OMIM HomoloGene
PubMed L
LocuslD  Org Symbol Description \M

[2539 Hs G6PD glucoses.phosphate dehydrogenase s (7]
Re G6pd  Glucose-6-phosphate dsbusmerase

, lucose-6-phosphate deliydtogenase 2
[" 24378 Fn G6pd2 glucoses-phosphate debydrogenase 2
[“a2sqn 5 GEPDL glucose6-phosphate dehydrogenase-tke 17

30720 Dr gbpdl  glucose--phosphate dehydrogenase-tke a

" 14381 Mm Gépdx glucose-6-phosphate dehydrogenase Z300zeM @
linked

[Tag074 Dm Zw  Zwischenferment 1gD13-12E1 @
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Genes Database: All Genomes

> NCBI T Entrez Genes

Nucotse oo Taramy
Search[Genes <] for Go| Clear
G6PD  glucose-6-phosphate dehydrogenase  [Homo sapiens] Gene

GENEID: 2539 Locus tag: HGNCi057

Transcripts and products:

He 00002 prowsssen.

Coming soon!

Genomic context: chromosome: X; Maps: Xq28

Gene type: protein coding

RefSeq status: Reviewed

Organism: Fono sapiens

Lineage: Eukaryota; Metazoa; Chordata; Craniata; Vertebrata; Euteleostomi; Mammalia; Eutheria; Primates;
Catarrhini; Hominidae; Homo,

Gene aliases: G6PD1

Summary: This gene encodes ghicose-6-phosphate dehydrogenase. This proteinis a cytosolic enzyme encoded by a
housekeeping X-linked gene whose main function is to produce NADPH, a key electron donor in the defense against
oxidizing agents and in reductive biosynthetic reactions. GGPD is remarkable for its genetic diversity. Many variants of
G6PD, mostly produced from missense mutations, have been described with wide ranging levels of enzyme activity and
associated clinical symptoms. GGPD deficiency may cause neonatal jaundice, acute hemolysis, or severe chronic
‘non-spherocytic hemolytic anemia.

General protein information:
Name: _glucose-6-phosphate

190N

26



Genes Database: All Genomes

(3 NCBI ot S Entrez Genes

Puotted Nucleoive

Search[Genes  ~] for Go| Clear
G6PD  glucose-6-phosphate dehydrogenase  [Homo sapiens) Gene link

GENEID: 2539 Locus tag: HGNC:4057

At5g35790  glucose-6-phosphate dehydrogenase; protein id: At5g35790.1, supported by

cDNA: 22483., supported by cDNA: gi_20466190  [rabidopsis thaliana)
GENEID: 1036596

Transcripts and products:
-, Ne_003075 frosmep

Genomic context: chromosome: 5, clone: CHR5v07142002

e iy e s

Gene type: protein coding

RefSeq status: Provisional

Organism: Arabidopsis thaliana (cultivar: Columbia)

Lineage: Eukaryota; v 2 phyta; Tr

eudicotyledons; core eudicots; Rosidae; ewrosids IT; Brassicales; Brassicaceae; Arabidopsis
Gene aliases: At5g35790; MIK22.2; MWP19.3

General protein information:

Name: glucose-6-phosphate dehydrogenase; protein id: At5g35790.1, supported by cDNA: 22483., suppotted by cDNA|
820466190
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Genes Database: All Genomes

— Entrez Genes
Nuceotde Genome
Search [Genes | for Go| Clear
G6PD  glucose-6-phosphate dehydrogenase  [Homo sapiens]
GENEID: 2539 Locus fag: HGNCi057

At5g35790  glucose-6-phosphate dehydrogenase; protein id: At5g35790.1, supported by " Gen

cDNA: 22483., supported by cDNA: gi_20466190  [rabidopsis thaliana) finks
GENEID: 1036596

Taxonomy v

GENEID: 1216923 Locus tag bl52
Transcripts and products:
i He_0o0s13 .

Genomic

1 Genomic context:
Genetpd L -
RefSeq stf —
Organisnj Gene tpe: protein coding
Lineage: | RefSeq status: Provisional

2 (strain: K-12, substrain: MG1655)
. Lineage: Bacteria; Proteobacteria; gamma subdivision; Enterobacteriaceae; Escherichia
Gene alia)

General protein information:
p Name: glucose-6-phosphate delrydrogenase

gi_204661
Comments:

Transerd zwf  glucose-6-phosphate dehydrogenase  [Escherichia coli K12] Gene links|
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